The research programof the Center for Econom c Studies (CES)
produces a wde range of theoretical and enpirical economc
anal yses that serve to inprove the statistical prograns of the U S
Bureau of the Census. Many of these anal yses take the formof CES
research papers. The papers are intended to nmake the results of
CES research available to econom sts and other interested parties
in order to encourage discussion and obtain suggestions for
revision before publication. The papers are unofficial and have
not undergone the review accorded official Census Bureau
publications. The opinions and concl usi ons expressed in the papers
are those of the authors and do not necessarily represent those of
the U S. Bureau of the Census. Republication in whole or part mnust
be cleared with the authors.

THE STRUCTURE OF PRODUCTI ON TECHNCOLOGY
PRODUCTI VI TY AND AGGREGATI ON EFFECTS

By

Phoebus J. Dhrynes*

CES 91-5 August 1991

Al'l papers are screened to ensure that they do not disclose
confidential information. Persons who wish to obtain a copy of the
paper, submt comments about the paper, or obtain general
i nformati on about the series should contact Sang V. Nguyen, Editor,
Di scussi on Papers, Center for Econom c Studies, Room 1587, FB 3,




Bureau of the Census, Washington, DC 20233-6300, (301-763-2065)
or | NTERNET address snguyen@ nf 0. census. gov.



Abstract

This is a sequel to an earlier paper by the author, Dhrynes
(1990). Using the LRD sanple, that paper exam ned the adequacy of
the functional form specifications comonly enployed in the
l[iterature of US Manufacturing producing relations. The "universe"
of the investigation was the three digit product group; the basic
unit of observation was the plant; the sanple consisted of all
"l arge" plants, defined by the criterion that they enploy 250 or
nore workers. The study enconpassed three digit product groups in
i ndustries 35, 36 and 38, over the period 1972-1986, and reached
one mgjor conclusion: if one were to judge the adequacy of a given
specification by the paranetric conpatibility of the estinmates of
the same paraneters, as derived fromthe various inplications of
each specification, then the three nost popular (production
function) specifications, Cobb-Douglas, CES and Translog all fel
very wi de on the nark.

The current paper focuses the investigation on tw digit
i ndustries (but retains the plant as the basic unit of
observation), i.e., our sanple consists of al | "l arge"
manuf acturing plants, in each of Industry 35, 36 and 38, over the
period 1972-1986. It first replicates the approach of the earlier
paper; the results are basically of the sane genre, and for that
reason are not reported herein. Second, it exam nes the extent to
whi ch increasing returns to scale characterize production at the
two digit level; it is established that returns to scale at the
mean, in the case of the translog production function are al nost
identical to those obtained with the Cobb-Douglas function.?
Finally, it examnes the robustness and characteristics of neasures
of productivity, obtained in the context of an econonetric
formul ati on and those obtai ned by the nmethod of what nmay be thought
of as the "Sol ow Residual" and generally designated as Total Factor
Productivity (TRP). The major finding here is that while there are
sone differences in productivity behavior as established by these
two procedures, by far nore inportant is the aggregation
sensitivity of productivity nmeasures. Thus, in the context of a
pool ed sanple, introduction of tine effects (generally thought to
refer to productivity shifts) are of very marginal consequence. On
the other hand, the introduction of four digit industry effects is
of appreci abl e consequence, and this phenonenon is universal, i.e.,
it is present in industry 35, 36 as well as 38. The suggestion
t hat aggregate productivity behavior may be largely, or partly, an
aggregati on phenonenon is certainly not a part of the established
literature. Another persistent phenonenon uncovered is the extent
to which productivity neasures for individual plants are volatile,

! The CES function has not been examned in this context;
in the previous paper it was found to be slightly inferior to the
other two specifications, and this, conbined with associated
conput ational conplexities has led us to pass it over.



while two digit aggregate neasures appear to be stable. These
findings clearly call for further investigation.

* The research on which this paper is based was carried out, in
part, during the author's tenure of an ASA/ NSF/ Census Seni or
Research Fellowship. The views expressed herein are solely the
author's and do not necessarily reflect those of the Departnent of
Commerce or the other sponsoring organizations. | would like to
express ny appreciation to Dr. Eric Bartel sman who carried out nost
conputations; to Dr. Robert MGuckin for general support and
encour agenent, and to Carol Jones and Linda Moeller for able
assistance in carrying out this research.



Cont ent s

1

6

| nt roduction . C e e e e

Model Specifications and I nplications

1.2.1 Dual ity and Production Theory

1.2.2 Cobb- Dougl as Production Functions

1.2.3 Transl og Production Functions

1.2. 4 Productivity Measurenent

Data and Enpirical Results

1.3.1 Data Sources . . . . . . . . . . . . . . .
Enmpirical Results: Returns to Scal e and Aggregation
1.4.1 Val ue Added versus G oss Shipnents .
Enmpirical Results: Productivity Inplications .
1.5.1 Cont enpor aneous Rank . Co

1.5.2 First Year Rank .

1.5.3 The Sol ow Resi dua

Concl usi ons

RPRRRRRPE
O~NOUITRROOOOOUITWNN P



1.1 | NTRODUCTI ON AND SUMVARY

The production structure of US Manufacturing has been studi ed
intensively in the sixties and early seventies. Surveys of
enpirical findings and theoretical devel opnents may be found in
VWalters (1963), and Nerlove (1967); see also Nerlove (1965), for a
specific discussion of enpirical findings relative to the Cobb-
Dougl as function. Qher surveys are by Giliches (1967), Jorgenson
(1974), (1986) anong others. The theoretical underpinnings of
production theory have been well established in mcroeconomc
theory for alnbst a century now. Duality theory has been an
interesting and hel pful addition to the formulation and
interpretation of enpirical studies since it was introduced by
Samuel son (1954) and Shephard (1953). |In Fuss and McFadden (1978),
we have an extensive review of nodern production theory.

Thus, a review of the literature would be conpl etely redundant
on our part.

A nunber of issues are routinely examned in the literature on
the basis of rather limted sanples. Such issues are whether
production relations are to be considered formthe val ue added or
the gross output points of view, whether the translog function is
an appreci abl e i nprovenent over the Cobb-Dougl as specificati on and,
if appropriate whether symretry and separability (or the associ ated
cost function) prevail. In addition, many authors estinmate
production functions on the basis of tinme series observations on

two digit industry aggregates. This practice invites the question,



particularly on the issue of increasing or decreasing returns to
scal e, of whether the conposition of output is responsible for the
results and, if so, to what extent. Anot her issue that nerits
consideration is whether the neasure of productivity, currently
favored in the literature, is robust relative to the specification
of the underlying production function.

An interesting finding that has substantial bearing on a
nunber of time series studies using two digit industry data is that
while "tinme effects" do not nmake appreciable difference in the
interpretation of results, "four digit industry effects" are quite
significant, econonetrically, and quite appreciate in terns of
orders of nmagnitude. Thus, to the extent that the four digit
conposition of the output of two digit industries varies over tine,
phenonmena that nmay resenbl e productivity novenents are generated,
so that productivity neasurenents at the two digit level may sinply
reflect shifts in the conpositional effect.

Spurred by this finding we have exam ned t he dynam ¢ behavi or
of the "residual” fromthe fitted production relations, both with
and without "time" and "(four digit) industry effects". Two basic
results stand out; first, if we classify plants according to the
magni tude of their "total factor productivity" (residual) each
year, the (geometric) mean TRP of the i'" decile is nore or |ess
flat over the 15 year period, except possibly for that of the tenth
decile; second, if we classify plants according to the nmagnitude of
their TFP during 1972 only, the behavior of the (geonetric) nean
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TFP of nearly all (1972 rank based) deciles is rather erratic.
This suggests that the relatively steady behavior of "productivity"
at the higher levels of aggregation hides a great deal of novenent
at nore basic levels of production, thus suggesting a new frontier
for research

As in the previous paper, we deal with fifteen cross sections,
from 1972 to 1986, and the unit of observation is the plant. W
deal with the pooled sanple, but we allow for "year effects" and
for "four digit industry" effects. W had considered, but
rej ected, the possibility of arranging our data in the formof a
panel. W rejected this alternative since to have worked with a
panel (of plants) would have entailed elimnating a very
substanti al nunber of observations. Invariably, this nmust invite
consi derations of selectivity bias.
1.2 MODEL SPECI FI CATI ONS AND | MPLI CATI ONS

1.2.1 Duality and Production Theory

The typical (static) nodel of production theory, and nmany
dynam c nodels, require (for equilibrium that certain optimality
conditions hold for every tinme t. Such nodels entail, typically,

the assunption of perfect conpetition in the product and factor

mar kets and represent the economc agent as a profit maximzer. |If
)
II(p,X)=-p,Q2 DX,
0 a1 i (1 1)



. is the profit
pﬂ.p* orﬂ.p pﬂ
09x, = , i Tip function,

where p, i s the
price of output, Qis output obtained through a production function
f(x), with inputs, x, then under perfect conpetition the economc

agent operates according to the rule

(1.2)

In the preceding, we have taken output, Q and the nuneraire so
that all prices are stated relative to the price of output; we
shall follow this practice in the remainder of the paper unless
ot herw se indi cat ed.

A solution to the systemin Eq. (2) expresses the demand for
the factors of production in ternms o input prices, i.e., we have a
solution, x; -,i(p), and the representation Q= F[x(p)] - (P), is
said to be the indirect production function. Wile it is possible
to derive fromthe precedi ng demand rel ati ons as functions of p and
Q this is not generally done in the literature. Rat her, the
representation of demand as a function of factor prices and out put
is obtained in the context of the mathematical dual of the profit
maxi m zation probl em posed above. This is the (cost) mnimzation
probl em subj ect to an expected out put constraint,
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mlni:pixi, subject to Q-F(x),
x Ja

whose first order conditions are,

oF (1.3)

AaXi'Pi, i-1,2,...,n, Q'F(X) ’

where 8 is the Lagrange nultiplier. Denote the solution to this

problemby x (p, Q, 8 (p, Q, and consider the cost function?

C (p/ Q) -;ijj (p/ Q) .

(1.4)
Thus,
———oc(p, ﬁf;: .
iap (1.5)
From t he second (constraint) equation of Eq. (3) we find
oF 0x;
7 0x; 9p; (1.6)
Substituting in Eq. (5), we find, in view of the fact that
8 (p, Q .0
2 For east of notation we have elimnated the overbar on

t he out put synbol Q



e (1.7)

Dy

-Xj(PI Q) 7

i.e., the equilibriumenploynent of the j'" factor is representable
as the partial derivative of the cost function with respect of the
jth factor price.

Eq. (7) is a crucial relationship, and establishes the |ink
between alternative representations of econonetrically useful
rel ations. Notice, in particular, that if we proceed from the
first order conditions of the profit maximzation problem we
obtain relations between the share of output accruing to the
various factors of production and factor inputs, while if we
proceed fromthe cost function derivation, we establish a simlar
rel ati onshi p between the shares of cost and input prices. This is
a particularly prom nent feature of the transl og specification.

The duality between the cost and production function
representation of technology has led to many studies of the
characteristics of manufacturing technology through the cost
function, but to relatively few such characterizations through the
production function. Since a translog production function does
not, generally, have a translog cost function for its dual, one is
| ed to wonder whether simlar conclusions are obtained fromthese
two venues. A nention of this problem seens to have appeared in
Burgess (1975), but to have received little, if any, attention
Si nce.

1.2.2 Cobb- Dougl as Producti on Functi ons
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I n the Cobb-Dougl as (Cobb- Dougl as) case the basic nodel is

Qt-Aﬁ xr e’
o (1.8)

where Q represents the t'" observation on real output, X, the t,,
observation on the i'" input, u, is the t'" observation on a zero
mean i.i.d. randomvariable with finite variance, and the remaini ng
synmbol s represent paraneters to be estinmated. In nearly all
applications in the literature, it is assuned that the markets for
inputs as well as products are purely conpetitive, and that the
econom ¢ agents proceed on the basis of either cost mnimzation or
profit rmaxim zation. This, alnost invariably, leads to the
addi tional condition of honogeneity of degree one. It is shown in
Dhrynmes (1962) and Dréze, Knenta, and Zellner (1966), that under
profit maxim zation the input quantities are independent of the
structural error in the production function. The same may be shown
when one assunes cost mnimzation, subject to an expected out put
constraint.

The inplications of these assunptions are several. First,
under expected profit maximzation, we can estimte the unknown
paranmeters of the production process through the General Linear
Model (GLM,

InQ, - lnA+20t Inx, +u, .
t q t5 -t (1.9)



Second, we can estinmate all the paraneters above, wth the
exception of In A through the relations
s roe™,  i.1,2,...,n,

(1.10)
where s,; i s the observed share of output accruing to the i'" factor.
Thus, we can test whether the translog production function is
appropriate, relative to the Cobb-Douglas function, either through
the production specification directly, or through the share
equations. The cost functions corresponding to the Cobb-Dougl as

production function is given by

Cp,Q-£(0)g(p)h(Q),

(1.11)

wher e

1 %
0- (A, 0,0, ...,0) , £(0)-cA ® ﬂorj"

J-1

2|~

glp) =

=
[Ip;%|, R@-0
-1

We note that the cost function is separable in factor prices and

out put and, noreover, if " =1, we have, for given factor prices,

constant marginal costs; if < 1, we have increasing narginal

costs and if > 1 we have decreasing marginal costs. The standard
conpr ehensi ve nodel of production requires the condition that " =
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1, i.e., that the production function is honbgeneous of degree one.
This is so since if, as asserted, factor and product markets are
perfectly conpetitive, returns to the factors of production are
governed by the marginal productivity conditions; thus, what

accrues to them (factors of production) is given by

for functions honogeneous of degree h. Since the Cobb-Dougl as
function we have enployed is honpbgeneous of degree ", anything
different fromunity raises the issue of over- or under exhaustion
of output. Thus, we have an inconplete and potentially
contradictory theory. Besides, in the typical enpirical practice,
(and in the national inconme accounts), it is assuned that the
shares sumto unity, by attributing to capital what is left over

after conpensation of all other factors of production® Thi s
practice is perfectly adm ssible but, if we take it up as part of
our framework then we cannot, at the sane tine, enploy the
relations inplied by the marginal productivity conditions for

capital! This was pointed out in Dhrynmes (1965), but the practice

of inplenenting estinmation procedures with increasing or decreasing

3 O her procedures, such as for exanple Hall (1989),
whi ch independently attribute a return to capital, generally do
exhi bit over- or under-exhaustion of output. One is then left to
explain, howin an equilibriumcontext we can have,
systematically, such over- and under-exhaustions.
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returns to scale and the conpetitive first order (nmargina
productivity) conditions still persists to this day!

1.2.3 Transl og Producti on Functi ons

The termtransl og production function is really a msnoner, in
that the translog function is not a proper production function over
the nonnegative orthant, as is comonly the case wth other
speci fications. Rather, it has the customary properties of
production functions only over a restricted subset of the
adm ssi bl e i nput space. As such, it is not generally viewed as a
production function in its own right, but as an "approxi mation" to
a nore general, but unspecified functional form Noting that, if
0. F(x) (1.12)
is an unspecified general function serving as a production
function, we may expand it around In x?, where x) =1, for all j,

by Taylor's series, retaining only linear and quadratic terns.*

This yields
1nQ-1n7(x%) + &£ (x% (1nx)
0x
(1.13)
4 In connection with this devel opnent, note that the

Cobb- Dougl as function can al ways be thought of as a Taylor series
approxi mation, retaining only linear terns, to an arbitrary
underlying production function. The difference is that this
approximation is a production function in its own right, while
the quadratic approximation is not!

10



*F &’F °F
dlnx dlnx; dlnx,dlnx, dlnx 01nx,
1 °F ’F - °F
) (Inx)’ | 91nx,01nx, 91nx,01nx, dlnx,01lnx [(1nx) .
8‘2F aéF aéF
0lnx ¢lnx, dlnx dlinx, dlnx 9lnx

If we replaced, by paraneters, all derivatives evaluated at the
point x = x°=e, where e is a vector of unities, then we have the

standard transl og function

1 (1. 14)

1n Q-o:o+oc’lnX+ 3 (Inx)'B(1ln x)
Under perfect conpetition in the product and factor markets, as
wel |l as profit maxim zation, we obtain the share equations,

sti.o(f;[iijlnxtj»fvti, i-1,2,...,n. (1.15)

This is easily verified fromEqg. (14), if we note that the right

menber of Eg. (15) is sinply the derivative,

0lnQ X;P; . Q
a——, he f. h D,
o1 ) owing to the fact that axi P;
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Several remarks are in order, regarding Eq. (15). First, all the
paraneters of the translog function, with the exception of the
scal e paraneter, ', may be estimated fromthe n share equations.?
Second, as indicated in the footnote, we are forced to adopt the

condi ti ons,

i:ozi -1, eB-0, and, since B is symmetric, Be-=- 0.
Exl

Collectively, these conditions inply that the approximating
(translog) function is honbgeneous of degree one. Alternatively,
we nmay estimate the relevant paraneters, w thout any restrictions,
or assunptions regarding the nature of product and factor markets.

This may be done by sinply regressing the |ogarithm of output on

> The reader should note that since, in Eg. (15), al

share equations contain the sane variables, and since the data is
such that all shares add up to unity, |east squares applied to
the share equations produces estimtes that obey the conditions,

géi- 1, Z;B”- 0, for all j.

The proof of this is straightforward. Let S, X be the data
matrices, i.e., the matrices containing the observations of the n
shares and inputs respectively. The |east squares estinates of
the paraneters are

ey

(X'X)1X'S - (g) hence, (X'X)'X'Se - (X'X)'Xe-e.,,

where e is a vector of unities, and e.; is a vector all of whose
el enents are zero, except the i,,, which is unity. But this

I nposes on use the assunption that the function i s honobgeneous of
degree one!
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the inputs. The resulting paraneter estimtes, may then serve as

the test statistics for testing the nul

Hy,: ew-1l, and e'B-0,

as against the alternative that the parameters in question are
unrestricted.

Third, this functional formis al nost never enployed in the
literature. Instead, what is enployed are share equations derived
from duality theory, which neans that one operates wth the
associ ated cost function. Now, if the cost function is, actually,

of the translog type, i.e.,

InC - a,+a’lnp - %(lnp)’B(lnp) + g(ln Q) + error,

(1.16)
we obtain the rel ati ons
01lnC Pr;¥%:; .
alm_:‘i- c -sti-aia,;bijlnptfvtj, i-1,2,...,n. (1.17)

The representation above is valid, provided the cost function is
separable, as in the cases of the Cobb-Douglas and the CES based
cost functions.

|f separability is denied, the cost function should be

rendered as

13



lnp) '

lnC-ao+a’lnp+(xan+%(an B C}(lnp

, + error.
¢y 1nQ) (1.18)

In this context, the share equati ons above becone

P iXy;

t

.stiai+§bijlnptj+cian+vtj, i-1,2,...,n, (1.19)

and a test of deconposability, or separability, could be carried
out in the formof the hypothesis test

H: ¢ =0,

as against the alternative

H: c¢ .. 0.

Consequently, a test of separability, my be carried out by
estimating the paraneters of Egq. (19), and testing the hypothesis
H: ¢ =0,

as against the alternative

H: ¢ .0,

while a test of honobgeneity of degree one (constant returns to
scale), given separability, my be carried out through the
hypot hesi s t est

H: (=0 " =1.

Since duality inplies that the production process exhibits
increasing returns to scale if the cost function has the property
that an increase in output, by a factor 8, leads to an increase in
cost, by a factor less than 8, and conversely for decreasing
returns to scale, a sinple calculation shows that the cost function

14



in Eg. (18) allows, in principle, for ranges (of output)
corresponding to decreasing, constant and increasing returns to
scal e. The change in logarithm of cost, followng a change in

out put by factor 8, is given by

[o=c’'Inp+y (INQ- %ln)x) ]11nA.

Thus, for 8 > 1,

o+ c’1np-y (1n Q- %mz\) <1,

i nplies non decreasing returns to scale, while

o+c’'lnp+vy (1nQ- % 1InA)>1,

i nplies decreasing returns to scale.

1.2.4 Productivity Measurenent

The nost wdely used neasure of productivity, Total Factor
Productivity (TFP), derives fromthe early work of Solow (1957) and
we shall refer to it as the "Solow Residual"; the initia
formul ati on assunmed a production function
Q. - A(t)F(x),

(1.20)
with "Hi cks neutral technical change" function A(t) and a
production conponent F. Taking logarithmc derivatives, we find
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(1.21)

Not i ng t hat

we may interpret the relation above as designating the observed
share of output accruing as income to the i'" factor of production.

This becones possible by the interpretation of the partial
derivative (MQWMx,) as the "wage" of the i'" input in units of the
output, which is here taken to be the nuneraire. This, of course,
i mredi ately necessitates the assunption that there is perfect
conpetition in the factor markets and that the production function
i s honbgeneous of degree one, otherwise there will be over- or
under - exhaustion of output. Notice, further, that Eq. (21) may

al so be rendered as

d

d d
=t IlnA+ — 2 sjlnx

1 —_ '
nQ = dt dt 31 3

on the assunption that the s; are nearly constant. Hence, up to an

additive constant, we have, approxi mately,

1nQ = lnA+i sjlnxj,
J1 (1.22)
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so that we can wite

1nA = 1nQ- i: sjlnxj.
31 (1.23)

Initially, Solow used Eq. (21), thus obtaining the relation between
the rate of growth of output and the rates of growh of the inputs
plus the rate of growh of "technical change", or productivity,
giving rise to a literature of "growh accounting".?® He then
"integrated" the rate of growh of productivity function to obtain
what we would call today the Total Factor Productivity (TFP). From

Eq. (23), we see that if we insert a tinme subscript, we shal

obt ai n
InA, - 1nQ, - ; sjtlnxjt,
where the share, s;;, is conputed for each observation (tinme period)

in the sanpl e.
In Dhrynmes (1961), (1963), we have an econonetric
reformulation of this problemin which it is assuned, explicitly,

Q. - A(t)ﬂx"f;
‘ 77 (1. 24)

6 This, of course, was in the early innocent days of
appl i ed econonetrics, when it was firmy believed that enpirical
relations, once established, would last for eternity, or at |east
until the next year!
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obtai ning appropriate estimates of the exponents, say 4;, we obtain

the total factor productivity as

-&.
TRP, - .1 x;”

(1.25)

Notice that the rationale of the Sol ow approach al nost assunes the
Cobb- Dougl as production function, while the approach in Dhrynes
(1961) allows for the specification of any production function

since the basic schene may be described as specifying the relation

Qt - A(t)F(X-j)l

(1.26)
estimating the paraneters of the function F and obtai ni ng
TFP, - — Q
F(x.,) (1.27)

The only issue remaining here is whether the "productivity" or
"technical change" function A(t), should include the scale
const ant, customary in production function specifications.
Evidently, in the Sol ow resi dual approach, TFP includes the scale
constant in question. W shall address this issue when we di scuss

the empirical results.

DATA AND EMPI RI CAL RESULTS

.1 Dat a Sour ces

18



Al'l data enployed in this study are taken fromthe Census' LRD
files. They conprise essentially shipnents, inventory, inventory
change, production worker conpensation, nonproduction worker
conpensation, production workers' hours of work (as well as nunber
of production workers), nunber of nonproduction workers, investnent
in plant and equi pnent, purchases of materials and energy, as well
as the associated prices or inplicit price deflators. Data were
avai |l abl e on an annual basis, for all plants enploying 250 workers
or nore, for SIC industries 35, 36 and 38. From these, plant
specific capital stocks were constructed, utilizing the plant and
equi pnment investnent available by plant, and the appropriate
deflators. |In addition, value added was constructed from shi pnents
plus inventory change mnus purchases of energy and materials
di vided by the shipnents deflator. This value added served as the
measure of output in nost instances. Wen gross output was taken
to correspond to the theoretical notion of output, it was defined
as shipnments plus inventory change, deflated by the shipnents
deflator. The inplicit price deflators of production worker and
nonpr oduct i on wor ker conpensati on served as a neasure of wages, and
the returns to capital, divided by the real capital stock we have
constructed, served as a nmeasure of the inplicit price (rental) of
capital. Thus, we have obtained information on: out put,
producti on workers, nonproduction workers and capital (we al so had
experinmented wth structure and equipnment capital treated
separately), annually over the period 1972-1986.
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1.4 EMPIRI CAL RESULTS: RETURNS TO SCALE AND AGGREGATI ON

As noted in the introduction, the basic unit of observation is
the plant, and the universe investigated is variably industries 35
(Machi nery, Except Electrical), 36 (Electrical Machinery and
El ectronic Equi pnent) and 38 (Instrunents and Rel ated Products).
For industry 35 we have 17,724 observations, for industry 36,
17,126 and for industry 38 we have 5,054 observations.’

Cenerally, the sane paraneters being estinmated from different
i nplications of the production nodel, as discussed in sections 2.1,
2.2 and 2.3 gave rise to very different point estimates, much in
the manner docunented in Dhrynmes (1990). Thus, nothing will be
gai ned by further discussion, except to confirm that the sane
phenonenon extends through the two digit level. For that reason,
in what follows, we shall report extensively only on the other
findings, including the dynam c behavior of productivity, as
determned by the residuals of econonetrically fitted productions,
first given in Dhrynmes (1961), as well as productivity determ ned
in the standard fashion of today, and first suggested in Sol ow
(1957), with antecedents in Kendrick (?) and others. Finally, we
note that, in this study, we confine our attention to the Cobb-

Dougl as and Transl og production functions.

! In point of fact we had available to us 24,187, 22,772
and 6,503 observations on individual plants over the period 1972-
1986. A nunber of observations were then elimnated if they had
nonpositive val ue added, zero shipnents, or experienced a nore
t han doubling of their | abor enploynent over the previous period.

20



1.4.1 Val ue Added versus G oss Shi pnents

In Tables Al through A3, in the Appendix, we give the
estimation results using G oss Shipnents as the neasure of output.
G oss shipnents neans Shipnents plus changes in Inventories. In
Tabl es A4 through A6 we give estimation results using Val ue Added
as the neasure of output. Value Added is defined as gross
shipments m nus purchases fromother firnms classified as Materials
and Energy. In the G oss Shipnents version we have four inputs,
Capital, designated by K, Production Wrker hours, designated by
L,, non-Production Wrkers hours, designated by L, and Materials and
Energy, designated by M Each Table gives the results for the
Cobb- Douglas and Translog specifications. The nunbers in
parent heses, under each coefficient estimate, represent the
estimated standard errors. The remai nder of the notations of the
tables are self evident; thus, KK stands for the coefficient of
| nK?, L,L, stands for the coefficient of InLJnL, etc.; N D stands
for the "no dumm es" version of the specification, T.D. stands for
the "tinme dummes" only specification and T.D. and |.D. stands for
the "tinme dummes and (four digit) i ndustries dumm es”
specification. Finally, for the Cobb-Douglas specification, Test
1, refers for the test of constant returns to scale (honbgeneity of
degree 1); Test 2, under the heading T.D., refers to the test of
the hypothesis that all tine dunmes are the sanme (no tinme effect,

or nore precisely, zero tinme contrasts); under the heading "T.D.
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and 1.D.", Test 2 refers to the test of the hypothesis that al
i ndustry dunmes are the sane (zero four digit industry contrasts).
In The Translog specification, Test 1 is the honbgeneity of
degree 1 test, Test 2 is a test of whether the Translog is
significantly different fromthe Cobb-Douglas specification, i.e.,
that all the extra paraneters of the translog specification are
zero. This designation is the sane in all three colums, under the
Transl og heading. Test 3, under the heading T.D., refers to the
test of the hypothesis that all time dunmes are the sane (no tine
effect, or nore precisely, zero tinme contrasts); under the heading
"T.D. and I.D.", Test 3 refers to the test of the hypothesis that
all industry dummes are the sanme (zero four digit industry
contrasts). The entries in the row corresponding to Tests 1, 2 and

3, give the p-value, i.e., the probability that the test statistic

obt ai ned, or a higher value, could have been obtained under the

null hypothesis; thus a p-value greater than an appropriate
significance level (such as, e.g., .01 or .05 or .1), indicates
acceptance of the null hypothesis; a value less than that,

i ndicates rejection.
Returns to Scale: Gross Shipnents

In point of fact, all tests reported in Tables Al through A6
result in the rejection of the null hypotheses, since the |argest
p-val ue obtained in .02, in the case of "tinme contrasts" for the

Transl og function. This would indicate that at the .01 | evel of

22



significance we would accept the hypothesis that, for all years,
the tinme effect is the sane.

Since we reject the degree one honogeneity hypothesis in al
cases, it would be desirable to coment on the magnitude of this
paraneter, as estimated fromour data. Wile for the Cobb-Dougl as
function the paraneter estimate is unanbi guous we shall report
bel ow the sum of the exponents of the various inputs. For the
Transl og, we shall evaluate returns to scale at the nean. The

rel evant neans are given below in Table 1.
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| TABLE 1 |
Industry No OBS.
35 17, 824 8.8823 || 6.3958 || 5.6621 | 8.9211
36 17,126 8.8554 || 6.5742 || 5.5296 | 8.8283
38 5, 054 8. 7247 6. 4022 5.7372 | 8.6229

The returns to scale estimates are given in Table 2, below. In the

case of the Translog production function, the returns to scale
paraneter is evaluated at the sanple nean; sanple neans and ot her
rel evant information were given in Table 1, above.
TABLE 2
| ndustry Returns to Scal e
C. D Tr ansl og
35 . 994 . 021
36 1.013 1.034
38 1. 020 1.021

These point estimates confirmthe results given under Test 1, in

Tabl es Al through A3, viz., that in either the Cobb Douglas or the

Translog specification we cannot reject the hypothesis of

nonconstant returns to scale; the magnitude of the scale paraneter,

however, is rather close to one. We should also note that the
results presented above correspond to the specification that
includes tinme and (four digit) industry dummes and that,

especially in the Translog specification, we have occasionally

poi nt estimates (conponents of the vector ') which are negati ve!
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The returns to scale paraneter is sonewhat |arger when
i ndustry and tinme dunmes are omtted, indicating another inportant
i nci dence of aggregation effects.

The results presented herein should be tenpered by the
realization that there has been no correction for possible
autocorrelation in plant disturbances, which is a subject that
merits further indications. O course, one m ght argue, perhaps
wth equal justification, that autocorrelation correction 1is
irrelevant, since one may view the "error" or "shock" conponent of
the specification as a central Iimt theoremcunul ation of factors,
i ndi vi dual |y i nfinitesimal and unaccount ed for, whi ch,
collectively, constitute the productivity phenonenon.

O her Issues: &G oss Shipnents
Certain other features of the results stand out and we comment

on these below, always in the context of the specification that

i ncludes both tine and (four digit) industry contrasts.

1. I n the Cobb-Dougl as case, nmaterials (and energy) dom nate the
production process, i.e., the elasticity of output wth
respect to materials and energy is generally about tw ce the
el asticity wwth respect to any other input. In industry 35,
this elasticity is of the order of .7, while in Industries 36

and 38 it is of the order of .5;

2. The hypothesis that the additional terns (beyond Cobb-Dougl as)
have nonnull coefficients 1is invariably accepted; the
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additional terns, however, do not contribute materially to the

expl anatory power of the relation.

3. Anot her persistent finding is that the sumof squared errors
is reduced only by the order of 9 - 15% when we nove fromthe
Cobb-Douglas to the Translog specification, but there is a
very significant reduction when we introduce, in either the
Cobb-Douglas or the Translog specification (four digit)
i ndustry effects). This will be further discussed bel ow.
The hypotheses of no tine contrasts and non (four digit)

i ndustry contrasts are uniformy rejected, neaning that the scale

constants in the specifications, whether Cobb-Douglas or Transl og,

vary according to the tinme (year) or four digit industry pertaining
to a given plant. But perhaps what is far nore significant is the
fact that the introduction of tine effects reduces the sum of
squared errors relatively little, while the introduction of four
digit industry effects reduces the sum of squared errors very
considerably. W display the magni tude of these reductions, due to

the introduction of four digit industry effects, in Table 3 bel ow

| TABLE 3 |

Reduction in SSE
| ndustry C. D. Tr ansl og

35 58% 53%
|| 36 | 34% 31%]
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|| 38 | 149 13%|

The preceding represents a "new finding" in the sense that this
poi nt has not been nmade in the literature, and raises a nunber of
i ssues regarding productivity neasurenents, the nost inportant of
which is whether what is called "Total Factor Productivity", or in
earlier times "Technical Change" is, largely or partly, an
aggregation phenonenon that has little to do with technical
i nprovenents or "productivity" in their very basic neaning.
Returns to Scale: Val ue Added

We di scuss here the sane issues as above, for the case where
output is defined by Value Added. The pertinent results are given
in Tables A4 through A6 in the Appendix. By and large the results
are basically those established in the previous case, except that
now the returns to scale (point) estimate is sonmewhat higher, and
slightly nore uniformacross industries, as is clear fromthe table

bel ow.

| TABLE 4 |

Returns to Scal e
| ndustry C. D. Tr ansl og

35 1. 042 1. 040
36 1. 029 1. 039
38 1. 020 1. 020
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Cenerally, the returns to scale paraneter estimates here are of
about the sane magnitude as with G oss Shipnents, with the possible
exception of Industry 35.
O her |ssues: Val ue Added

As in the previous case, the hypothesis that the "extra" terns
of the Translog function have null coefficients is uniformy
rejected. Again, the introduction of tinme contrasts reduces the
sum of squared errors (SSE) rather slightly, while the introduction
of four digit industry contrasts has a nore powerful effect. The
reductions in SSE are slightly smaller than in the previous case.

The relevant results are given in Table 5, bel ow

TABLE 5
Reduction in SSE
| ndustry C. D. Tr ansl og
35 54% 48%
36 23% 22%
38 07% 07%

The results in Table 4, above, show that the introduction of
(four digit) industry contrasts results in appreciable reduction in
the sum of squared residuals for industries 35 and 36. For
i ndustry 38, however, the reduction is only slight, 7% Finally,
we note that the basic features of the Table are invariant to the
production function specification, i.e., the entries under C. D. and

Translog are nearly identical. W had noted a simlar result,

28



earlier, when we considered the case where output was defined in

terns of Goss Val ue Added.

1.5 EMPIRI CAL RESULTS; PRODUCTIVITY | MPLI CATI ONS

In the preceding sections we had assuned, in effect,
paranetric honogeneity across all plants in a given two digit
industry and progressively relaxed that by allowing "tine
contrasts" and "(four digit) industry contrasts". Ei t her
procedure, allows the scale constant for the production function to
be different over tinme, or across four digit classifications. 1In
the relatively long history of productivity studies, variation over
time has, nore or |less, been the basis of productivity conparisons.
Oten, the departure of observed output from the (estinated or
hypot hesi zed) specification of inputs has been ternmed "technical
change”; in many instances the variation of this entity over tine
has been attributed to research and devel opnent expenditures, or
ot her mani festations of the change in the applicable technol ogy,
such as the nunber of patents issued, perhaps in sone specified
field, over a given tine period. |In equally as many, or perhaps in
even nore nunerous studies, this entity has been "expl ai ned" by
time; see, for exanple Solow (1957) or Dhrynmes (1961).

In our study we have a uni que opportunity to exam ne several
facets of this problem owing to the particularly rich data base

available to us. W begin the initial exploration of this topic
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herein and reserve the study of several other issues for the
subsequent papers.

One inportant question that is often asked in cross section
studies, is whether all entities follow the best industry practice

and, if not, whether we can isolate those that are nost
efficient”, "average" or "least efficient”". In this context, this
may be translated as: can we find a classification of plants into
those that exhibit |east TFP, average TFP and those that exhibit
nmost TFP. A corollary question is: is productivity (TFP or
residual) growi ng over tinme? Finally, how nmuch difference does it
make in the neasurenent of productivity, if the approach is
conpl etely econonetric, as in Dhrynmes (1961), or is only partially
econonetric as in Solow (1957), and nost of the work currently
carried out. The latter approach, which we term " Sol ow Resi dual "
in the graphs of the Appendix, is the ratio of observed output to
a geonetric (weighted) nean of the inputs, the weights being the
observed shares accruing to the enunerated factors of production.
In a variation of this basic approach, the weights are chosen as a
Divisia Index of the shares over two periods. |In the econonetric
approach, TFP is defined as the ratio of observed output and f(K,
L, Ly, the latter being the estimted production function in terns
of the inputs. Cenerally, we deal with the logarithm of this
entity.

As we have observed in an earlier section, in order to nake
the two "residuals" have the sanme interpretation, we can either
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obtain TFP in the econonetric procedure fromthe version that has
neither tinme nor industry contrasts, or we can sinply "regress" the
Sol ow residual on tinme and (four digit) industry dumm es, and use
the residual of that regression as a neasure of TFP. The graphs
reflect this |ast approach.

1.5.1 Cont enpor aneous Rank

Graphs Al through A6, in the Appendi x, contain the course of
(logarithmc) nean TFP by decile. Mre precisely, what is done is
as follows: having determined the TFP corresponding to a given
plant we rank plants in accordance with the magnitude of their TFP,
in each year. Wat is plotted on the graph, then, is the logarithm
of the geonetric nmean of TFP or, equivalently, the nean of the
| ogarithm of the TFP of the plants in a given decile; evidently,
the |owest graph corresponds to the first decile; the next
corresponds to the second decile and so on. Three remarkabl e
features energe:

i the qualitative aspects of productivity behavior are al nost
conpl etely i ndependent of the underlying production function
specification, i.e., it makes little difference whether the
TFP of plants is determned as a residual from a Cobb-Dougl as
or a Translog production function.

ii. The time profile of productivity for deciles three through
eight is remarkably flat. One mght interject that, perhaps,
this was to be expected since we may well have renoved any
upward tinme trend by introducing the tinme contrasts in the
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estimation of the wunderlying production relation. Thi s,
however, cannot be argued very cogently since, as we had seen
earlier, these tine contrasts are only marginally significant
and reduce the sum of squared errors by relatively smal
magni t udes.
iii. The first and last two (first, second, ninth and tenth)
deciles, vary considerably over the 15-year period. Thus, in
i ndustry 35, nean TFP for the first decile rises considerably
and that for the second declines sonmewhat so that the
di fference between them which is |arge at the beginning of
the period is considerably reduced by the end of the period.
For industries 36 and 38, however, the first decile profile
shows a decline, as does the second; the difference between
themremains fairly constant or declines sonewhat.
The ninth and tenth deciles exhibit a rising profile, the
ninth only slightly, the tenth very appreciably, so that by
the end of the period the difference between the two shows a
very substantial increase.
From previous results appearing in the literature one woul d have
expected a stationary or slightly declining productivity in the
mddle to |late seventies, and substantial growh follow ng the
1980- 81 recession. What we find, by contrast, is the essentia
absence of relatively significant dynamc shifts in productivity
behavior, at least from the three two digit industries under
consi deration, over the years 1972-1986. The major upward shifts
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are confined to the upper decile and the nmmjor downshifts are
confined to the first decile; this is hardly a result that supports
t he hypot hesi s of vigorous technical change or productivity grow h.

1.5.2 Fi rst Year Rank

Since, in the classification schene of the previous section,
the identity of the plants in each decile is constantly changi ng,
we al so exam ned the behavior of mean productivity by deciles, when
the classification of plants is based solely on their rank in their
initial year. To be precise, what is done is to rank plants
according to the magnitude of their TFP in 1972; thereafter plants
keep this rank, so that, e.g., the entry for the first decile in
1974, is the (logarithmc) nean of TFP, for plants that were ranked
in the first decile in 1972. These results appear in Gaphs A7
t hrough Al12. Their salient features are:

i the results are qualitative quite simlar whether derived from

t he Cobb- Dougl as or the Transl og residuals;
it. in industry 35, plants in the first and second decile (as of

19720 exhibit dramatic growh in productivity in subsequent

years, and in the 80's they dom nate other plants in terns of

TFP. This suggests that such plants nust have sonething in

common, such as e.g., their SIC four digit classification, or

substantial investnment in nodernization; plants in other
deciles tend to becone very closely bunched, indicating

increasing simlarity in their TFP behavi or.

33



iii. For industry 36, plants in the first decile exhibit enornous
grow h, but also enornous fluctuations in their TFP behavi or;
to a | esser degree, the sane is true for plants in the second
decile. Plants in the second decile exhibit |ess vigorous,
but fairly steady growh. The remaining plants exhibit the
sanme conpression in their TFP growh as those in industry 35,
al though they generally tend to keep their original ranking.
These results are rather intriguing and require further
i nvesti gati on.

iv. Inindustry 38, we find increased "entropy", in that the tine
profile of the first and second deciles is simlar to what has
been observed in industries 35 and 36; the paths of the other
deci |l es, however, cross nuch nore frequently. Thus, what we
find is that the relative placidity of productivity behavior
is replaced by considerable dynam c novenents of plants in
their TFP characteristics. In turn, this suggests that there
is a potentially interesting research problemin studying the
transition of plants into and out of wvarious TFP
cl assifications.

1.5.3 The Sol ow Resi dua

Cont enpor aneous Rank

The tinme profile of Sol ow residuals, by contenporaneous rank,
is given by deciles, in Gaphs Al3 through A18, first in the manner
usually presented in the literature and thereafter by renoving
"time effects"” and "four digit industry"” effects. Precisely, the
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Sol ow residual is regressed on "tinme dummes" and "four digit

i ndustry dunm es" and the residuals fromthat regression are taken

to be the neasure of TFP. This last neasure is the one nost

conparable with the results obtained through the econonetric
appr oach. Their graphs are |abelled "Solow Regression”. The

corresponding TFP will be referred to below as SR TFP. Sever a

aspects of these graphs are worth noting.

i In the graphs | abelled "Sol ow Residual, Sorted", where the
time and four digit industry effects are not renoved, nean TFP
by decile is substantially higher than is the case for the
econonetrically derived results, where such effects had been
removed.

ii. When such effects are renoved, the SF TFP profiles are quite
simlar to those obtained earlier wth Cobb-Douglas and
Transl og production functions, except that SR TFP i s snoot her.
This is generally the consequence of using a great deal nore
paraneters in obtaining SR TFP in the sense that, wth the
econonetric approach, we are using a |imted nunber of share
paraneters; four or three in the case of the Cobb-Douglas, and
nine or fourteen in the case of the Transl og function. By
contrast, in the SR context we may use upwards of 34,000
i ndependent share paraneters for industries 35 and 36, and
upwards of 10,000 paraneters in the case of industry 38.
Evidently, in the econonetric approach we can al so increase
the nunber of share paraneters by sinply allow ng different
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Cobb Dougl as exponents in each year. The question then is:
to the extent that the change in the paranetric structure
| eads to different nmeasures of productivity, have we subnerged
sonme aspect of "technical change induced TFP' under another
category? O have we attributed to TFP sonething that is the
result of inefficient handling of data?

Since the issue of productivity neasures is inbedded in the

production technology literature and purports to neasure the extend

to which "technical change” or other "inprovenents in technique
enhance the productivity" or the factors of production, it is nore
appropriate to enploy the econonetrically based approach to
productivity neasurenent. In that context, it may be said that the

Sol ow resi dual approach gives a m sleadingly snooth representation

to the phenonenon under study.

Initial Rank
I n Graphs Al9 through A24 we give the tine profile of the

Sol ow residual neasure of TFP with initial rank designation of

plants. The major features are as foll ows.

i A general characteristic running through all graphs is that
there are fewer crossovers than 1is the case wth
econonetrically derived TFP. In industry 35, the tenth decile
exhibits considerable growh; this growth, however, al nost
conpletely disappears when tinme and four digit industry
effects are renoved. Since, generally, tine effects are quite
weak, it would appear that this phenonenon is largely illusory
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and sinply reflects the four digit industry conposition of
that decile. When the conposition effects are renpved in
G aph A20, we observe the sane phenonenon as in the previous
section, viz., the strong TFP growth of first decile plants.
As we also remarked above, SR TFP is nore snooth than
econonetrically derived TFP

ii. In industry 35 SR TFP shows the consistent decline in the
tenth decile and appreciable growh in the first decile, as
noted earlier. 1In fact, the first three deciles exhibit very
simlar SR TFP in the eighties.

iii. Inindustry 38, we see the sane phenonenon noted above, viz.,
i ncreased entropy, although the frequency of crossovers is
appreciable smaller than in the case of econonetrically
derived TFP, reflecting the snoot hness of the Sol ow residual

appr oach.

1.6 CONCLUSI ONS

In this paper we sought to conplete the objectives set in
Dhrymes (1990) by investigating, at the two digit industry |evel,
the conpatibility of estimates of the paranetric structure of a
gi ven specification. This is attained by exploiting al
inplications of that specification. The results were that none of
t he popul ar specifications, such as the Cobb-Dougl as, the Transl og,
or the CES, production functions have a clear advantage over the
others. In fact, all of themshow great inconpatibility. This is
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vexing and raises grave doubts regarding the theoretica

foundati ons of production studies, either in the specification of

technology or in the specification of the institutional mlieu in
which production is carried out. Since this was extensively

docunented at the three digit product group level in Dhrynmes (1990)

we have not reported the results in this paper. | nstead, we

focused our attention increasingly on issues of returns to scale
and productivity neasurenent. A nunber of findings stand out.

i There are mldly increasing returns to scale at the two digit
| evel, at least in the case of industries 35,3 6, and 38.

ii. The translog specification is a slightly preferable
specification, in the sense that (sonme of) the non (log)linear
terns (may) have nonzero coefficients. On the other hand, all
results of interest such as returns to scale, aggregation
effects, or productivity neasurenents, do not seem to be
appreciably affected by the specification of the production
pr ocess. This would argue, in terns of the principle of
sinplicity, that Cobb-Douglas should be the production
specification of choice, despite the great econonetric
attraction of the Transl og.

iti. Allowng for "time" effects inproves the fit very slightly,
while allowng for (four digit) "industry" effects inproves
the fit very substantially.

iv. The results above are valid whether output is defined by G oss
Shi pments or Val ue Added.
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In taking up issues relative to the neasurenent of productivity, we

have relied exclusively on results obtained fromthe Value Added

formul ati on. The salient conclusions in the phase of the study

ar e:

TFP, interpreted as the (within sanple) residual of observed
output and the estimated relation, is qualitatively al nost
i dentical whether conputed on the basis of the Cobb-Dougl as or
the Transl og specification. W have followed the practice of
conmputing TFP on the basis of the production function
specification that includes "tine" and (four digit) "industry"
contrasts. Wiile this particular version nay evoke sone
objections, we note that even when these contrasts are
suppressed the results do not change very substantially.
Ranki ng plants according to TFP, in each year, and graphing
the mean TFP by decile, i.e., the nean TFP of plants in the
first decile, per year; the second decile, per year, and so
on, gives the general inpression that aside fromthe first and
tenth decile, the tinme profile of the other deciles is rather
flat. This suggests that it is only at the very bottomand at
the very top of the productivity scale that "growh" occurs,
and that the growth in question is rather slight.

In the observations made under ii. above, it should be noted
that the identity of the plants within the various deciles is,
at least in principle constantly shifting. To gain a
different view of the process, we rank plants by their TFP in
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the initial year, 1972, and thereafter follow these sane
plants in subsequent years. In this framework, quite a
di fferent behavi or ener ges. Dynamic upward growth
characterizes sonme groups of plants, while for others we
observe dramatic declines, generally the first decile
experienci ng the nost dynam c novenent upwards and the tenth

deci |l e the nost dynam c novenent downwar ds.

The findings in this paper lead to a nunber of questions and

suggest a nunber of topics for further research.

what is the nature of the transition process, i.e., the manner
in which plants nove fromone decile (or other classificatory
schene) to another; is it conpletely random or are there
certain commonalities? Are there distinct characteristics for
pl ants that nmake frequent transitions and those that don't?
| ndeed, are there stationary plants? Do plants that |eave the
sanple tend to be those wth high, nmedium or |[|ow
productivity?

Shoul d productivity include "tinme" effects and aggregati on or
"conpositional" effects, i.e., should what we wish to call
"productivity" consist of the contribution to output of things
other than the specified |abor and/or capital inputs, or
should it be net or predictable conpositional and/or "tine"
effects?

Can we nodel the transition process, econonetrically, and
determ ne what factors are nost potent in effectuating
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transition to higher or lower states of TFP, or a stationary
status?

iv. Does TFP, as defined by the Sol ow residual nethod, given
unwarrentedly "snooth" tinme profiles of the phenonenon?

These issues are reserved for later investigation.
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